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Mutations of various kinds have been demonstrated to occur among bacteria. 
Among the early workers Baerthlein I made an extensive study of many strains 
including  cholera  vibrios,  typhoid,  paratyphoid,  hog-cholera,  and  dysentery 
bacilli,  B. coli, B. enteritidis, B. alkaligenes, B. prodigiosus, B. pyocyaneus, and 
streptococci.  He described changes or mutations concerning various characters, 
as  colony formation,  morphology, cultural  reactions,  fermentation  powers,  he- 
molysis,  pigment  production,  and  agglutinability.  He also has  given a  review 
of much of the work on mutation up to that  time.  Baerthlein's  description of 
mutation of the B. suipestifer (hog-cholera) strains is of special interest  in con- 
nection with what follows.  From hog-cholera cultures he obtained three groups 
of mutants according to colony formation.  He stated that the first appearances 
of mutation were found after  the culture had been  kept  for a  long time  (2  to 
3 months) on agar without transplanting. 
Among the  more recent workers,  Arkwright  ~ described  smooth and  granular 
forms  among Shiga  dysentery  cultures  which  were  similar  to  the  hog-cholera 
types reported in this paper.  Arkwright gave quite an extensive review of the 
earlier literature  on mutation.  His own work was with the colon-typhoid group 
and especially with the Shiga bacilli.  He reported an S and an R  form arising 
from a  single strain which remained constant in weekly subcultures in bouillon. 
The S form produced smooth colonies,  uniform clouding of bouillon,  and stable 
suspension in salt solution.  The R form gave granular colonies,  grew as a deposit 
in  bouillon,  and  agglutinated  spontaneously in  salt  solution.  He  was  able  to 
produce specific  sera and found the S types of all strains serologically alike but 
different from the R types and the R forms like each other but different from the S. 
He found no difference in the virulence of the two types. 
Ishii  3 also  studied  the  colon-typhoid group and  reported  spontaneously and 
normally agglutinating types.  He found connected with these characters smooth 
colonies and even clouding of bouillon associated with the normally agglutinating 
l Baerthlein,  K., Arb. k. Gsndhtsamte, 1912, xl, 433. 
Arkwright, J. A., J. Path. and Bact., 1921, xxiv, 36. 
3 Ishii, 0., ]. Bact., 1922, vii, 71. 
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type and granular colonies and dumping in bouillon associated with the spon- 
taneously agglutinating type. 
De Kruif  4-6 found the smooth and granular types in cultures of the rabbit 
septicemia bacillus, which he designated D and G types.  He showed that the 
G form was derived from the D.  He distinguished it as a mutant by its acid 
agglutination optimum.  He also found a considerable difference  in the virulence 
of these two forms.  Apparently the granular type of mutation is widely dis- 
tributed among various groups of organisms. 
In the following pages are described observations made on a  num- 
ber  of strains  of Bacillus  suipestifer,  the  true  hog-cholera bacillus, 
taken from a  collection of which many were isolated and tested by 
Dr. Theobald Smith.  Owing to the fact that this subject is not new 
and  that  the  methods of work  have  been  fairly well  standardized 
most  details  of  the  experiments  are  omitted  and  only the  results 
briefly given. 
Most of the work to be reported was done upon Strain I  isolated 
in  1898 and kept on ordinary nutrient agar.  During the course of 
some agglutination tests this strain was found to agglutinate spon- 
taneously in normal salt solution.  A  bouillon culture of this strain 
was  clouded  and  also  gave  considerable  sediment.  When  it  was 
plated  on  agar  two  different types of colonies were  found.  When 
cultures were isolated from separate colonies it was found that the 
even, smooth colony produced uniform clouding in bouillon with no 
sediment and did not agglutinate spontaneously in normal salt solu- 
tion, while the more irregular, granular colony grew in bouillon as a 
sediment  and  agglutinated  spontaneously in  salt  solution.  These 
two types have been designated A and B; A for the original smooth 
type and B  for the granular mutant. 
Later a moist, opaque colony was isolated from the A type culture 
and designated A-v.  Also in an old bouillon culture of the B  type 
mutant a  very small colony (B-v)  was found which otherwise pos- 
sessed the B  characteristics.  These granular and opaque growths in 
the  individual  strain  are  considered  mutations  since  they  can  be 
separated  from individual colonies into  distinct strains which keep 
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their  particular  granular  or  opaque  characters  through  successive 
transplants. 
An examination of twelve other stock cultures consisting of both 
old and young strains showed the same two types of growth present 
in seven of these cultures, three of which were rather recently isolated. 
One older strain gave apparently a pure granular type, while another 
old culture showed a mixed appearance but the individual types were 
not separated.  In the three remaining strains no granular growth has 
been detected.  This mutation into the granular type does not depend 
entirely upon the age of the strain but seems to be associated with 
the length of time a given transplant is kept before it is renewed. 
After it was established that two types of growth existed in the 
hog-cholera strains,  experiments were made with Strain I  to  deter- 
mine the constancy of each type in pure culture.  First the constancy 
of the types kept on agar and stored ill the refrigerator was tested. 
The  second series  of experiments was made with. bouillon  cultures 
kept at 37°C. and at room temperature.  The third group of experi- 
ments was made to test the effect of rapid successive passages through 
bouillon on the constancy of the type.  The method of examination 
was the same as that used by other workers; i.e.,  at frequent intervals 
the cultures were streaked on agar plates and the colony formation 
examined.  These observations were controlled by determining the 
character of the bouillon growth of the individual colonies. 
In general, the results indicated that the older A cultures, isolated 
from a single colony to begin with, if kept long enough without trans- 
planting finally showed B  type mutants, but if  transplanted often 
they kept  their A  form.  On  the  other hand,  the mutant B  type 
remained true to type with no reversion, except under the conditions 
of  rapid  successive passages  through  bouillon  where it  tended  to 
resume some of the original characters.  Apparently active growth 
stimulated  A  type  formation,  while  aging  without  transplanting 
caused mutation to  the B  type.  These observations agree only in 
part with those of Baerthlein.  1  Whereas he found that his original 
culture mutated, after standing, into two types, and that these two 
isolated  types  both  remained true  by frequent transplanting,  and 
both  changed again on standing, we found that this occurred only 
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while with the other mutant  (B type) the reverse occurred; i.e.,  the 
granular  mutant  remained  true  to  type when kept 4  to 6  weeks or 
longer  without  transplanting  but  very  frequent  successive passage 
through  bouillon  caused  a  reappearance  of  some  of  the  original 
characters. 
Another  point  mentioned  by Baerthlein ~ and  De  Kruif  4 was  an 
increase  followed by a  decrease  in  the  number  of mutants  present 
in a  given culture.  This rise and fall in the number of mutants was 
also  observed  here  with  the  bouillon  cultures  of  the  hog-cholera 
Strain I  kept at 37°C. and at room temperature. 
To demonstrate further that B is a mutant with characters distinct 
from A,  the morphology and  cultural  characters were studied.  The 
behavior in different concentrations of NaC1 solution, the acid agglu- 
tination, and the behavior in different dilutions of normal serum were 
tested.  Also the virulence of the two types for mice was determined. 
With  the  exception  of  the  experiments  on  virulence,  which  were 
carried  out with  three  strains  only,  these tests were made with  the 
A  and  B  types of  six  strains  and  A-v and  B-v  forms  of  Strain  I. 
These  six strains  which  have  been.kept  on ordinary  agar  represent 
cultures of different ages as indicated by the following dates of isola- 
tion:  Strains  I  (1898),  II  (1921),  III  (1919),  IV  (1899),  V  (1898), 
and VI (1886). 
Description of Types. 
Morphology.--The  types  were  similar  in  form  and  size.  They 
stained  as  small,  short,  Gram-negative  rods  with  a  few  slightly 
larger forms often seen in both types.  The A  type always occurred 
as single, scattered rods, while the B type usually occurred in clumps. 
Both types were motile.  With Strain  I  the A  type apparently  was 
more active than the B  type. 
Cultural  Characters.--The  growth  of A  and  B  types on agar  and 
in bouillon has already been described for Strain  I  and  is the  same 
in all the other strains.  The A-v mutant was a  moist, opaque, non- 
viscid  colony,  smooth,  glistening,  round,  and  yellowish  white.  It 
gave an  even clouding in  bouillon like  the A  type.  The  B-v form 
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was a small colony, round but more or less granular under a low power. 
In bouillon it grew as fine suspended particles and sediment. 
Salt Solution Agglutination Reactions.--The  difference in  the  reac- 
tion of the two  types in 0.85 per cent NaC1  solution was marked. 
The A  type gave an even, stable suspension while the B  type was 
completely agglutinated, settling out as a  sediment and leaving the 
fluid clear.  By diluting the  salt  solution with  distilled  water  the 
spontaneous clumping occurred to a  smaller degree.  The lower the 
per cent of NaC1  the less  the clumping of the B  type.  The  same 
reaction was seen in bouillon.  In standard bouillon the B type grew 
as a  sediment with no clouding but if the bouillon was diluted 1:4 
with distilled water the B type grew with a fair amount of clouding. 
This same reaction was reported by Arkwright* in his study of the 
S and R forms of the Shiga dysentery bacilli.  Also the A-v and B-v 
forms agree with the A and B types in the salt solution agglutination 
reactions. 
Acid Agglutination Reactions.--De  Kruif  e considered a  change in 
the acid agglutination optimum to be an index of bacterial mutation. 
In  comparing the  acid  agglutination  reactions  of  the  hog-cholera 
types it was found that they gave distinctly different titrations.  In 
making the acid tests the pH values were obtained from KI-I phthalate- 
NaOH, Kit phthalate-HC1, and KC1-HCI mixtures as given by Clark 
and Lubs. S  This series gave a  long range of pH values.  The cul- 
tures were grown on agar for 24 hours and the growth suspended in 
distilled water.  The cultures were washed twice and then suspended 
in a  third lot of distilled water and diluted in the usual way to the 
standard density, 2.4 cm. with the Gates instrument.*  This washing 
prevented any spontaneous clumping of the B  type.  The A  type, 
or original form, gave a  low reaction between pH 3.2  and 1.6, but 
it was never complete.  The B type showed a somewhat longer range, 
between pH 4.0 and 1.0, and a much stronger reaction with complete 
clumping from pH 3.2  to  1.8.  The A-v and B-v forms agree with 
the A and B types respectively in their acid agglutination reactions. 
The A  types of all strains reacted alike and also the B  types of all 
strains. 
s Clark, W. M., and Lubs, H. A., J. Bact., 1917, ii, 1. 
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Normal Agglutination  Reactions.--The  reactions  in  normal  serum 
were  very  different  for  the  two  types.  An  attempt  was  made  to 
prepare  specific A  and  B  sera  from  rabbits,  but  it  was found  that 
the normal  rabbit  serum  agglutinated  the  B  type to a  considerable 
extent in the case of the two rabbits chosen.  To determine whether 
this was true  for normal  serum in general,  the blood of ten normal 
rabbits and of three guinea pigs was tested.  The tests were made so 
that  in  the  final  dilutions  the  concentration  of the  NaC1  was  only 
0.1  per cent;  thus  the  clumping  of the B  type by salt solution was 
prevented.  The  cultures  were also washed in  distilled  water  twice 
before making up to the standard density for the tests.  The results 
showed  that  normal  rabbit  serum  agglutinated  A  type only in  the 
low dilutions but agglutinated  B  type completely at 1:320 or 1:640. 
With  normal  guinea  pig  serum  the  same  was  true.  Thus  normal 
serum agglutinates B  type strongly but A  type only slightly.  These 
results again showed the A and B forms as distinct types.  However, 
by agglutinin  absorption  tests  the  A  and  B  types are  found  to  be 
related.  A normal rabbit serum which agglutinated A  at 1:320 and 
B  at 1: 1,280, after absorption with A gave an agglutination  reaction 
negative for A and slight at 1 : 160 for B and exactly the same results 
after absorption with B.  Thus by absorption of a normal serum with 
the A type the B  agglutinins were also removed, and absorption with 
the B  type removed the A agglutinins as well. 
Virulence  Tests.--The  virulence  of A  and  B  types was tested  by 
injecting  a  20  hour  bouillon  growth  into  mice.  Three  different 
strains,  Nos.  I,  II,  and  III,  were  used.  Strain  I  is  very old,  but 
from  the  subcutaneous  inoculation,  although  the  mice  did not  die, 
the culture results indicated a  difference in virulence.  Cultures were 
made from the mice by inoculating  bits of spleen onto agar  slants. 
The  tubes  inoculated  from  mice  injected  with  A  type  culture  all 
gave positive growth,  while some of the tubes inoculated from mice 
injected  with  B  type  culture  showed  growth  but  others  remained 
sterile, indicating  that the A type culture persisted in the mice while 
the 13 type culture was destroyed more readily.  By intraperitoneal 
inoculation of this strain it was found that the A type would kill mice 
while  the  same  dose of  the  B  type did  not.  Certain  irregularities 
were noticed but these probably were due to differences in the original ~muoN  L.  OI~CU~  15 
resistance of the mice.  With the two younger strains, Nos.  II  and 
III,  the  same  difference was  indicated in  a  more definite  manner. 
A given dose (0.2  or 0.05 cc. according to the strain)  subcutaneously 
of A  type killed the mice, while the same dose of B  type  caused no 
disturbance.  Here,  too,  some  irregularities  occurred  but  the  dif- 
ferences  between  the  types  were  striking  enough  to  indicate  an 
appreciable difference in virulence in favor of the A  type. 
CONCLUSIONS. 
I. In the hog-cholera group the mutation from smooth (A) to 
granular (B) type occurs  and a mutant with a moist,  opaque colony 
formation was noted. 
2. The B  mutant when obtained pure remains a B  type without 
reversion in the stock cultures. 
3.  The B mutant can be made to assume some of the A characters 
by rapid successive transplanting in bouillon. 
4.  The B  mutant can usually be found in older transplants of A. 
5.  The two types may be distinguished by certain cultural char- 
acters, by slightly different agglutination reactions, and by different 
degrees of virulence. 